did not improve the survival of patients with EGFR-mutated non-small cell lung cancer (NSCLC) because of the high crossover of treatments. Realistically, the role of EGFR-TKIs in NSCLC with mutated EGFR is not well known. We retrospectively analysed data from patients with recurrent or metastatic NSCLC. Clinical prognostic factors were identified by Cox proportional hazards modelling. Among 503 patients, the median overall survival (OS) for all of patients was 11.7 months. Cox analysis showed that PS 0-1, recurrent disease, EGFR mutations, or EGFR-TKI treatment were associated with improved OS. In patients with EGFR-activating mutations, Cox analysis showed that patients with adenocarcinoma, recurrent disease, or EGFR-TKI treatment had significantly longer survival. Patients with EGFRactivating mutations who received EGFR-TKI therapy had a median OS of 24.3 months, which was significantly longer than those who had not received EGFR-TKI therapy (10.8 months). Patients with wild-type EGFR had a median OS of 9.7 months and Cox analysis showed that PS score and disease type were independent predictors. EGFR-TKI therapy is an independently prognostic factor for NSCLC with mutated EGFR. A more effective therapy is needed for patients with wild-type EGFR.
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Thus, we retrospectively analysed data of patients with an identified EGFR status and explored the prognostic factors of survival, including EGFR-TKI therapy, for patients with NSCLC.
Results

Patient characteristics.
In total, 503 patients with NSCLC were enrolled in this study. The median age was 59 years old (range, 21-86 years old). There were 293 male patients (58.3%) and 210 female patients (41.7%). There were 243 non-smokers (48.3%), 259 smokers (51.5%), and 1 patient (0.2%) for which there was no record on smoking history. There were 435 (86.5%) patients with adenocarcinoma, 58 (11.5%) with squamous cell carcinoma, 4 (0.8%) with NSCLC not otherwise specified (NOS), 2 (0.4%) with large cell carcinoma, and 4 (0.8%) with a mixed type. There were 135 (26.8%) patients with recurrent disease and 368 (73.2%) patients with locally advanced and metastatic disease (59 locally advanced and 309 metastatic) ( Table 1) .
EGFR genotype. Among all 503 patients, the incidence of EGFR mutations was 36.6%; 184 patients had EGFR mutations, and 319 patients were wild type. Of the 184 patients with EGFR mutations, 86 patients (46.7%) had exon 19 deletions (del19), 81 patients (44.0%) had an L858R mutation at exon 21, 4 patients (2.2%) had exon 18 mutations, 5 patients (2.7%) had an L861Q mutation at exon 21, 1 patient (0.5%) had an exon 20 insertion, 2 patients (1.1%) had a T790M mutation at exon 20, and 5 patients (2.7%) had multiple mutations, of which there were 2 patients with del19 and L858R mutations, 2 with T790M and L858R mutations, and 1 with an L861Q and an L858R mutation. Based on histological type, 40.7% (177/435) of lung adenocarcinoma patients and 10.3% (6/58) of lung squamous cell carcinoma patients had EGFR mutations.
For statistical purposes, EGFR status was defined as activating mutations or wild type. Patients with activating mutations included 86 with del19, 81 with L858R at exon 21, 4 with G719X at exon 18, 5 with L861Q at exon 21, and 3 with multiple activating mutations. However, 1 patient with an exon 20 insertion, 2 patients with a T790M mutation, and 2 patients with combined activating and resistant mutations were excluded. Overall, 179 patients had activating EGFR mutations and 319 patients were wild type.
Treatment.
Overall, 392 patients (77.9%) received systemic treatment, including 228 patients (58.2%) who received platinum-based combined chemotherapy, 36 patients (9.2%) who received single-agent chemotherapy, 108 patients (27.6%) who received EGFR-TKIs, and 20 patients (5.1%) who received chemotherapy plus anti-vascular drugs as a first-line treatment. In total, 244 patients received EGFR-TKI therapy, including 108 (44.3%) who received it as a first-line treatment, 100 (41.0%) as a second-line treatment, 24 (9.8%) as a third-line treatment, 9 (3.7%) as a fourth-line treatment, and 3 (1.2%) were others.
Of the 179 patients with EGFR-activating mutations, 146 patients (81.6%) received systemic treatment, including 65 patients (44.5%) who received EGFR-TKIs, 66 patients (45.2%) who received combined chemotherapy, Survival of all of patients. All of the patients were followed until December 31, 2015. In total, 421 patients (83.7%) died (133 of 184 with EGFR mutations and 288 of 319 with wild-type EGFR), and 82 patients (16.3%) were alive at the end of the study (51 of 184 with EGFR mutations and 31 of 319 with wild-type EGFR). The median OS was 11.7 months (95% CI 10.521 to 12.879).
In a univariate analysis, clinicopathological characteristics, specifically, age, gender, smoking status, PS score, histological type, stage, and EGFR status, as well as whether they received EGFR-TKI therapy, were analysed. The results showed that patients with specific characteristics (female, non-smoking, PS of 0-1, adenocarcinoma, recurrent disease, EGFR mutations, receiving EGFR-TKI therapy) had a significantly longer survival than patients with opposing characteristics (male, smoker, PS ≥ 2, squamous cell carcinoma, locally advanced and metastatic disease, wild-type EGFR, not receiving EGFR-TKI therapy) ( Table 2 ). These significant variables were enrolled for a Cox analysis. A good PS score (Hazard Ratio 1.691, 95% CI 1.107 to 2.582, p = 0.015, Fig. 1a ), recurrent disease (Hazard Ratio 1.524, 95% CI 1.205 to 1.927, p < 0.001, Fig. 1b ), EGFR mutations (Hazard Ratio 1.717, 95% CI 1.358 to 2.171, p < 0.001, Fig. 1c) , and receiving EGFR-TKI therapy (Hazard Ratio 1.445, 95% CI 1.170 to 1.786, p < 0.001, Fig. 1d ) were independent predictors of OS for all patients with NSCLC ( Table 2) .
Survival for patients with EGFR-activating mutations.
Of the 179 patients with EGFR-activating mutations, 129 (72.1%) died and 50 (27.9%) were alive at the end of the study. The median survival for these patients was 17.5 months (95% CI 15.055 to 19.945). Of these patients, 117 received EGFR-TKI therapy as different treatment lines. Gender, histological type, disease type, or treatment with EGFR-TKIs were enrolled in a univariate analysis, and the results showed that the median OS of patients who were female, or had adenocarcinoma or recurrent disease, or received EGFR-TKI therapy had a significantly longer OS than patients who were male, or had squamous or metastatic disease, or were not treated with EGFR-TKIs (Table 3 ). There were no differences in the survival of patients related to age, smoking status, or PS score. In a multivariate analysis, patients Fig. 2b ), or receiving EGFR-TKI therapy (Hazard Ratio 2.525, 95% CI 1.748 to 3.646, p < 0.001, Fig. 2c ) had a significantly longer survival than those with squamous cell carcinoma, metastatic disease, or without EGFR-TKI therapy (Table 3) .
For the 117 patients harbouring EGFR-activating mutations and who received EGFR-TKIs, their median OS was 24.3 months (95% CI 18.076 to 30.524). There was no survival difference found in relation to age, gender, smoking status, PS score, disease type, mutation type, or line of EGFR-TKI therapy. Cox analysis showed that only histological type was an independent factor of OS, and adenocarcinoma patients had a better survival rate than squamous cell carcinoma patients (Hazard Ratio 11.984, 95% CI 3.873 to 37.082, p < 0.001) ( Table 4 ). # 7 patients with third-line TKIs, 1 patient with fourth-line TKIs, and 2 with other lines were not enrolled.
Survival for patients with wild-type EGFR.
Of the 319 patients with wild-type EGFR, 288 (90.3%) had died. The median OS for these patients was 9.7 months (95% CI 8.506 to 10.894). Univariate analysis showed that patients with PS 0-1 and recurrent disease had a significantly longer survival. There were no survival differences related to age, gender, smoking status, histological type, or EGFR-TKI therapy. Multivariate analysis showed that a PS of 0-1 (Hazard Ratio 1.920, 95% CI 1.157 to 3.184, p = 0.012, Fig. 3a ) and recurrent disease (Hazard Ratio 1.382, 95% CI 1.052 to 1.816, p = 0.020, Fig. 3b ) were independent predictors of OS (Table 5) .
Discussion
We collected clinical data from the Beijing Chest Hospital and aimed to analyse prognostic factors for advanced NSCLC in patients with different EGFR status and identify the role of EGFR-TKIs in improving OS for patients with EGFR mutations. The median OS of all of patients was 11.7 months (95% CI 10.521 to 12.879). For patients with EGFR-activating mutations, receiving EGFR-TKI therapy resulted in a significantly longer survival than those without EGFR-TKI therapy (Hazard Ratio 2.525, 95% CI 1.748 to 3.646, p < 0.001).
As far as we know, typically, certain characteristics, such as a PS of 0-1, female, and adenocarcinoma are good indicators of longer survival for all patients with NSCLC. In our study, a univariate analysis showed that specific characteristics (female, non-smoking, PS 0-1, adenocarcinoma, recurrent disease, EGFR mutations, receiving EGFR-TKI therapy) predicted a better survival outcome. However, the multivariate analysis showed that a good PS score (Hazard Ratio 1.691, 95% CI 1.107 to 2.582, p = 0.015), recurrent disease (Hazard Ratio 1.524, 95% CI 1.205 to 1.927, p < 0.001), EGFR mutations (Hazard Ratio 1.717, 95% CI 1.358 to 2.171, p < 0.001), or receiving EGFR-TKI therapy (Hazard Ratio 1.445, 95% CI 1.170 to 1.786, p < 0.001) were independent factors of OS for all patients with NSCLC. Because several studies have demonstrated that female patients and adenocarcinoma patients have a higher frequency of EGFR mutations, EGFR status may be a valuable factor to predict survival, rather than gender or histological type.
For all of patients harbouring EGFR-activating mutations, the median OS was 17.5 months (95% CI 15.055 to 19.945), and a Cox analysis showed that adenocarcinoma (Hazard Ratio 5.650, 95% CI 2.223 to 14.362, p < 0.001), recurrent disease (Hazard Ratio 1.976, 95% CI 1.291 to 3.025, p = 0.002), or treatment with EGFR-TKIs (Hazard Ratio 2.525, 95% CI 1.748 to 3.646, p < 0.001) were associated with improved OS. For patients harbouring EGFR-activating mutations who received EGFR-TKI therapy, the OS was significantly higher than that of patients harbouring EGFR-activating mutations who did not receive EGFR-TKIs (median survival, 24.3 vs. 10.8 months, respectively; p < 0.001). Our result regarding the survival of patients with EGFR-mutations who received EGFR-TKIs was different form previous studies [4] [5] [6] [7] [8] [9] [10] [11] . The present study showed that EGFR-TKIs can prolong the OS of patients with EGFR-mutations compared with those did not receive TKIs, indicating that patients with EGFR-activating mutations should receive EGFR-TKI therapy.
To analyse the prognostic factors of survival for patients harbouring activating mutations who received EGFR-TKIs, multiple factors including age, gender, smoking status, PS score, histological type, disease type, activating mutation type, and lines of treatments were enrolled for univariate and multivariate analysis, and the results showed that there was a significant difference in survival between patients with lung adenocarcinoma and patients with lung squamous cell carcinoma (24.5 months vs. 7.3 months, Hazard Ratio 11.984, 95% CI 3.873 to 37.082, p < 0.001). The prognostic role of EGFR mutations in squamous cell carcinoma had rarely been reported. Han et al. reported that, among 29 EGFR-positive patients with squamous lung cancer (which was a small sample size for the retrospective analysis), EGFR mutation-positive patients had significantly improved OS with EGFR-TKI therapy compared with those who did not receive EGFR-TKIs (18.04 months [95% CI 13.47 to 22.61] vs. 13.18 months [95% CI 5.22 to 21.13], p = 0.015) 14 . Two meta-analyses showed that survival for patients with del19 was superior to patients with an L858R mutation, all of whom received EGFR-TKI therapy 15, 16 . Our data were not consistent with previous studies. There are several possible reasons. First, most importantly, the censored number was slightly higher in the del19 group, among 179 patients, there were 86 patients harbouring del19 and 81 patients harbouring an L858R mutation. Before the end of the study, 59 (68.6%) of 86 patients with del19 and 63 (77.8%) of 81 patients with L858R died. Second, the overall treatment of the two groups was not very consistent. Third, patients had a median survival of 24.5 months (95% CI 20.524 to 28.476) for the del19 group compared with 21.6 months (95% CI 7.620 to 35.580) for the L858R group, and these data showed a trend.
We also performed a multivariate analysis of OS for patients with wild-type EGFR NSCLC in our large sample size study. Patients with wild-type EGFR had a poor median OS of 9.7 months (95% CI 8.506 to 10.894). Patients with a good PS or recurrent disease survived longer. Whether in non-selected patients, or in patients with EGFR mutations or wild-type EGFR patients, OS for patients with recurrent disease was superior to patients with locally advanced or metastatic disease. The most important reason is that tumour load in patients with recurrent disease is much lower than that of advanced patients, and this directly influences OS. For patients with wild-type EGFR, who had a rare frequency of oncogene, chemotherapy alone or chemotherapy combined with anti-vascular drugs is the standard regimen. However, the development of new and more effective treatment is urgent. Because this was a retrospective analysis, some tissues were specifically checked for EGFR mutations; some EGFR wild-type patients received EGFR-TKIs without detection of EGFR. In 319 patients with wild-type EGFR, 126 patients (29.5%) had received EGFR-TKI therapy. The median OS of those who received EGFR-TKI therapy (10.2 months, 95% CI 8.079 to 12.321) was similar to that of patients who had not received EGFR-TKIs (9.5 months, 95% CI 8.150 to 10.850) (p = 0.320). Our results also indicated that wild-type patients would not benefit from EGFR-TKI therapy, which is similar to the result of the previous study 4 . Kris et al. 17 reported that patients with EGFR mutations in America had a median survival of 3.97 years. In his study, the survival of patients with cancer-driving genes who received targeted therapy was superior to those who had driving genes but were not treated with targeted therapy, as well as to those without driving genes. The data in our study indicated a shorter survival time than Kris's results, and we think there were several reasons for the difference. First, EGFR-TKIs are not covered by medical insurance in most provinces in China, which limits the use of targeted therapy and lowers patient compliance. In recent years, EGFR testing is standard for advanced treatment-naïve patients in most cancer centres or big comprehensive hospitals in China, and more and more patients with EGFR mutations have been treated with first-line EGFR-TKI therapy. Second, many of the new targeted drugs, for example, second and third-generation EGFR-TKIs, are not available in China, which influences the subsequent treatment of patients who did not respond to first-generation EGFR-TKIs. Third, patients in China tend to have a more serious, advanced stage of the disease, which influences the efficacy of EGFR-TKI treatment and survival.
There are several limitations in this study. First, this is a retrospective study, and thus, there is a bias of patients to some degree. Second, the methods used to detect EGFR mutations and the treatment process were not very uniform.
In conclusion, our study showed that treatment with EGFR-TKIs is an independent predictor for patients with EGFR-mutated NSCLC. NSCLC patients with EGFR-activating mutations who received EGFR-TKI therapy had significantly longer survival than those without EGFR-TKI therapy. The survival of patients with wild-type EGFR was slightly shortened. Therefore, more molecular-basis research is needed to further develop more effective regimens.
Methods
Study design and patients. We aimed to conduct a retrospective analysis of OS for patients with an identified EGFR mutation status in a single cancer hospital, and we analysed the prognostic role of EGFR-TKIs in the OS of patients with different EGFR statuses. All patients with NSCLC who had an identified EGFR status and who were treated at Beijing Chest Hospital from January 2006 to December 2014 were enrolled retrospectively in this study. The inclusion criteria were as follows: all of the patients in the study were diagnosed with NSCLC by histology. EGFR status was tested using tumour tissues or cellblocks of confirmed malignant pleural effusion. All of the patients had a follow-up to assess OS. The exclusion criteria were as follows: patients without EGFR status testing or loss of follow-up were excluded. Written informed consent was obtained from each patient. The study was approved by the institutional review board of Beijing Chest Hospital and conducted according to the guidelines approved by the ethics committee.
Data collection.
Medical records of all patients were reviewed and clinicopathological factors, including age, gender, performance status (PS) score, smoking history, histological type, disease type, EGFR mutation type, and treatment, as well as EGFR-TKI therapy, were recorded. Trained professional staff in our hospital collected follow-up data. PS score was determined according to the definition of the Eastern Cooperative Oncology Group (ECOG). Non-smoking was defined as patients who had smoked less than 100 cigarettes in their life. Histological type was identified by WHO criteria 18 . TNM staging was performed according to the 7th edition of the American Joint Committee for Cancer (AJCC) staging system 19 . EGFR detection methods included DNA direct sequencing and an amplification refractory mutation system (ARMS). The methods were performed in accordance with the approved guidelines.
Statistical analysis. Kaplan-Meier method was used to analyse OS, and a log-rank test was used to compare difference between two groups. OS for locally advanced or metastatic disease was calculated from the date of diagnosis to the date of death due to any cause, and OS for recurrent patients was calculated from the date of recurrence after surgery to the date of death due to any cause. Patients who had not died as of the data cutoff date were censored. A Cox proportional hazards regression model was used to identify independent factors of OS. A two-sided p-value < 0.05 was considered statistically significant. All statistical analyses were conducted on SPSS 22.0 software.
